Background: Much of South East Asia is experiencing an epidemiological transition. In Thailand, chronic disease has emerged and the prevalence of diabetes has tripled. As part of a large cohort study of the Thai transition to chronic disease, we gathered data on self-reported diabetes. Epidemiological studies commonly ascertain such data by self-report but the validity of this method has not been assessed in Thailand. Therefore, we aimed to investigate the validity of self-reported type 2 diabetes (T2DM) in Thai adults participating in the Thai Cohort Study (TCS).
2010
). With over 4.0 million Thai adults estimated to have diabetes, Thailand is now one of the most affected countries in Asia (Chan et al., 2009; International Diabetes Federation, 2015) .
To respond to the emerging non-communicable disease epidemic in Thailand, and understand the local risk factor dynamics, researchers from Thailand and Australia have established the 'Thai Cohort Study', a nation-wide investigation of the ongoing 'health-risk transition' (A. C. Sleigh, Seubsman, Bain, & The Thai Cohort Study Team, 2008) . Like many large-scale epidemiological studies, the TCS used self-completed questionnaires to collect information on risk factors and disease, including diabetes. Collecting health information via self-report is a feasible and convenient method for obtaining population data but questions arise over accuracy of this method. Responses by study participants may vary depending on their personal characteristics, including education level and perceptions and understanding of disease (Goto et al., 2013; Okura, Urban, Mahoney, Jacobsen, & Rodeheffer, 2004) .
Several studies have suggested that a diagnosis of diabetes is accurately reported by study participants however this work was carried out in cohorts restricted to women (Manson et al., 1991; Pradhan, Manson, Rifai, Buring, & Ridker, 2001; Rylander, Sandanger, Engeset, & Lund, 2014) or people within a specific age range (Comino et al., 2013; Goldman, Lin, Weinstein, & Lin, 2003; Margolis et al., 2008) . Among studies conducted within larger or more heterogeneous cohorts, the accuracy of self-reported diabetes varied by socio-demographic characteristics (Okura et al., 2004; Yuan, Liu, Wu, Zou, & Li, 2015) or by ethnicity (El Fakiri, Bruijnzeels, & Hoes, 2007; Goto et al., 2013) . Socio-demographic characteristics such as older age (with cognitive decline) (Sherbourne & Meredith, 1992) and lower education level (with reduced health literacy) (Yuan et al., 2015) may associate with reduced accuracy of self-reported diabetes. Little research has assessed the accuracy of self-reported health information among Asian populations, although it has been suggested that there may be higher levels of misreporting than in western populations (Goldman et al., 2003; Goto et al., 2013; Yuan et al., 2015) .
Accuracy of self-reported health status among Asian populations may link to traditional cultural beliefs. In some Asian countries (including China and Thailand), traditional medicine may be practiced alongside and/or as part of the healthcare system (Chokevivat, Chuthaputti, & Khumtrakul, 2005; Hesketh & Zhu, 1997) . Treatment for health conditions may be sought using traditional and/or modern medicine approaches (Yuan et al., 2015) . As a result, traditional medical perspectives and/or treatment may lead to misreporting or under-reporting in Asian populations. For example, individuals using traditional Chinese medicine may under-report hypertension (Goldman et al., 2003) since high blood pressure may not be considered as a disease according to traditional Chinese medicine (Goldman et al., 2003) . In contrast, Chinese adults self-report diabetes more accurately when also questioned about use of traditional Chinese anti-diabetic medicine (Yuan et al., 2015) . Whether similar issues are relevant in Southeast Asian populations is not known. Specifically, the validity of diabetes self-report has not been investigated in the Thai population. Many Thais practice traditional Thai medicine which is highly influenced by both Theravada Buddhism (the main school of Buddhism practiced in Thailand) and by traditional Chinese medicine (Offringa, 2014) . Accordingly, field studies of self-reported diabetes among Thais may be affected by traditional cultural beliefs just as noted in Chinese populations and this might influence the epidemiological information. Therefore, we validated questionnaire self-report of doctor-diagnosed T2DM in Thai adults participating in the TCS by comparing physician interview data to the questionnaire data. We also investigated whether the validity of self-reported questionnaire T2DM was associated with personal socio-demographic characteristics. We then determined the impact that any potential reporting bias may have on cumulative incidence estimates for T2DM.
Methods

Source Population
In 2005 all 200,000 enrolled Suhkkothai Thammathirat Open University (STOU) students were mailed a detailed baseline questionnaire that covered a wide range of topics including socio-demographic characteristics, lifestyle behaviors and self-reported health outcomes. These students were adult distance learning students of modest means aspiring to use education for self-improvement. As such they are expected to undergo the 'health-risk transition' dynamics ahead of their fellow Thais. Of the total 87,151 (100%) students who returned their questionnaire in 2005, 60,569 (69%) were successfully followed up in 2009 and 42,785 (49%) were followed up again in 2013.
Ascertainment of Diabetes Status
In all three surveys (baseline, four-year follow-up, and eight-year follow-up), cohort members were asked whether they had ever been told by a doctor that they had diabetes. The questionnaire did not ask participants to specify the type of diabetes (Type 1, Type 2, gestational, etc). Therefore all those who ticked 'yes' to this question have been classified as self-reported cases of diabetes mellitus (with the type of diabetes not specified). This included a small group who reported 'yes' in 2009 but reverted to 'no' at follow-up in 2013. Figure 1 shows how participants were selected for this validation study. We excluded the 902 participants in the original TCS cohort who reported doctor-diagnosed diabetes at baseline (2005) . Exclusion of baseline prevalent cases ensured our focus was on current diagnostic practices, as incident cases (reported in 2009 and 2013) were of recent onset and would capture outcomes of the 'health-risk transition'. Of those not excluded, participants who completed both follow-up questionnaires (2009, 2013) were sampled for the current study. This allowed us to assess whether an individual's sequential reporting pattern over the 2009 and 2013 follow-up surveys influenced their likelihood of a valid self-reported diagnosis. Those who reported doctor-diagnosed diabetes for the first time in either of the follow-up questionnaires were considered as self-reported incident cases for our study and all 878 were included in the validation sample. Those who reported not having diabetes in all three of the TCS surveys (2005, 2009, 2013) were considered non-cases (n=38,809), of whom we randomly sampled 650. 
Participant Selection for the Validation Study
Data Collection
We used telephone interviews undertaken by a practicing Thai physician to confirm the validity of self-reported doctor-diagnosed T2DM and transient diabetes. Medical record review and/or blood sampling for this nationally dispersed cohort was not logistically feasible. Furthermore, blood measures alone can be uninformative or even misleading for those with diabetes who are receiving treatment and whose blood glucose levels have normalized.
The same Thai physician conducted all interviews to exclude the potential for variation between interviewers. He was selected because of his previous experience with eliciting medical information from the TCS cohort, his knowledge of the use of traditional Thai diabetes medication, and his sensitivity to the culturally specific language required to attain information about such usage.
Interview Procedure for Validation Study
Potential participants were first sent an information sheet describing the validation study and inviting their participation before they were telephoned. The information emphasized that participation was not compulsory and it would be entirely their choice to take part or not. Then, up to three attempts were made to telephone each person
Ascertainment of Diabetes Cases Based on Physician Interviews
Type 2 diabetes status was determined by an algorithm incorporating the participants' answers to a standard physician interview protocol. The protocol was developed by a group of five physicians (four Australian and one Thai) and two public health nutritionists, following the American Diabetes Association's (ADA) classification guidelines for diagnosing diabetes (American Diabetes Association, 2010). The ADA guidelines are the most commonly used criteria for diagnosing diabetes globally (Shaw, Sicree, & Zimmet, 2010) and are used by researchers and health professionals in Thailand (Aekplakorn et al., 2011) . Accordingly, the protocol included questions probing about blood glucose testing and if it had occurred and blood glucose cut off criteria used in the participants' diagnoses of diabetes, as well as the treatment and names of medications prescribed to participants by their physician. The interviewer asked about the frequency of physician check-ups and the types of tests taken during medical visits. Finally, those reporting diabetes were questioned further about transient disease triggered by pregnancy, surgery, use of steroids or other factors. The algorithm used for ascertaining T2DM status based on participants' answers is shown in Figure 2 .
Statistical Analysis
Participants who self-reported diabetes were classified firstly as having correctly reported a diagnosis of diabetes mellitus. They were then classified according to whether or not they had T2DM or transient diabetes based on interviews by our study physician as outlined in Figure 2 . It was noted if the transient diabetes was due to pregnancy, surgery, medication, or illness. The sample of participants who self-reported no diabetes in all three surveys were also interviewed by the study physician to confirm their status.
Validation of Self-Reported Questionnaire Data
Amongst the contacted participants, we calculated the proportion of valid self-reported questionnaire responses by dividing the number of physician interview-confirmed T2DM cases by the total number of participants who self-reported diabetes in 2009 and/or 2013. We also confirmed the proportion of validated non-cases by dividing the number of physician interview-confirmed non-cases by the total number of participants who self-reported not having diabetes in all three of the TCS surveys. We then assessed whether the proportion of physician-interview confirmed T2DM cases varied according to various socio-demographic characteristics previously found to be associated with the accuracy of self-reporting diabetes (Molenaar, Van Ameijden, Grobbee, & Numans, 2007; Okura et al., 2004 ).
We wanted to assess which factors were associated with the correct self-reporting of T2DM separately for self-reported cases and self-reported non-cases. To do this we undertook logistic regression analysis including only the self-reported cases to investigate the socio-demographic characteristics associated with self-reported questionnaire and physician telephone interview agreement (with a binary outcome of no/yes for agreement). A likelihood ratio test was used to assess the significance of the variables in the model. A two sided significance level of 0.05 was used. The regression model included all physician interview confirmed T2DM cases. We then repeated these analyses including all of the physician-interview-confirmed diabetes cases (both T2DM and the transient diabetes cases).
We then investigated how the sequential reporting pattern over the 2009 and 2013 follow-up surveys influenced the likelihood of a valid self-reported diagnosis of T2DM in 2013. Accordingly, we calculated the proportion of validated cases amongst 1) those who self-reported incident diabetes in both 2009 and 2013; 2) those who reported diabetes for the first time in 2013; and 3) those who reported diabetes in 2009 and subsequently reported no diabetes in 2013.
Incidence of T2DM Accounting for the Effect of Misclassification
We also determined the impact that reporting error may have had on estimates of cumulative incidence of T2DM in the cohort. A corrected cumulative incidence was calculated in two ways. We used the proportion of reporting error detected in 2009 incident cases amongst the contacted group to calculate a corrected cumulative incidence among the entire group of 2009 self-reported cases including those who did not participate in the interviews. The same procedure was carried out for the entire group of 2013 self-reported cases using the proportion of error detected in the 2013 self-reported cases who were contacted.
We also carried out a sensitivity analysis to allow for the possibility that the amount of reporting error might be different among the group of participants who were lost-to-follow-up and thus did not participate in the telephone interviews. In this analysis we considered the effects of false positive probabilities by calculating a corrected cumulative incidence for the entire group of 2009 self-reported cases using false positive probabilities ranging between 10% and 50% for participants who did not participate in the interviews and were lost-to-follow up. All analyses were carried out using Stata (version 13.0).
Sample Size, Power, Precision
Sample size consideration for this study was guided by findings from previous validation studies conducted with Asian cohorts (Goto et al., 2013; Yuan et al., 2015) . We expected that half of the selected cohort members who the physician attempted to contact would be reached by phone and would agree to take part in the interview (Kelly, Seubsman, Banwell, Dixon, & Sleigh, 2014) . Accordingly, of the total 878 self-reported diabetes cases we expected to successfully follow-up approximately 440. A sample of 440 participants with diabetes would allow estimation of an expected correct reporting proportion of 80% (Goto et al., 2013; Yuan et al., 2015) with 95% confidence interval within +/-4%. With a higher proportion of correct reporting expected among non-cases (85%), a smaller sample of 325 participants without diabetes would allow for the estimation of 95% confidence interval within the same precision of +/-4%.
Of the 442 self-reported cases, we expected that 80% (354 participants) would be verified as having T2DM and that 20% (88 participants) would not be verified as having T2DM. Thus, using an expected reporting error of 20%, 80% power and 5% significance level, we would be able to detect a 15% difference in socio-demographic characteristics between those who were and were not confirmed as correctly self-reporting T2DM and between participants who were and were not confirmed as having correctly self-reported diabetes (both T2DM and the transient diabetes cases) during physician interviews.
Results
Table 1 displays the baseline characteristics of the self-reported cases and non-cases that were selected for the physician telephone interviews. Among the self-reported cases, 711 of 878 had contact phone numbers and among the 650 non-cases 616 had contact phone numbers and were invited to participate. Of the participants who were selected for interviews, 442 (50%) self-reported cases and 340 (52%) self-reported non-cases were successfully contacted for interview. All participants with whom the physician made contact participated in the study. Among the contacted cases, the median age at baseline was 39.5 (minimum 19, maximum 64) and 52% were male. Among the contacted non-cases just over half were female (54%), and their median age at baseline was 31.5 (range 18 to 78).
Overall the socio-demographic characteristics of those interviewed and those who could not be contacted were similar for self-reported cases and for non-cases (all p-values >0.05). Differences were observed between cases who were interviewed and cases who were not interviewed for monthly income level (p=0.02) (higher income in those interviewed) and between non-cases who were interviewed and non-cases who were not interviewed for age (p=0.02) (lower age in those interviewed).
The physician interviews confirmed that 344 of the 442 (78% (95%Confidence Interval (CI)) 74-82%) contacted cases reporting a new diagnosis of diabetes in either the 2009 or 2013 surveys had incident T2DM (shown in figure  2 ). Of the 98 cases that were not confirmed as having T2DM, twenty percent were found to have had transient diabetes mellitus (18 gestational and two steroid-induced diabetes). The majority of these transient cases self-reported diabetes in 2009 but not in 2013. Of the remaining 78 non-confirmed cases, the majority indicated they self-reported diabetes because they were told by their physician that they had high blood glucose and were at risk of developing diabetes. The other participants indicated that they had misunderstood the questionnaire and thought that it was asking if they had ever been tested for diabetes. All 340 (100%) participants who indicated in both 2009 and 2013 that they had not been diagnosed with diabetes were found to have reported their disease status correctly.
The proportions of self-reported diabetes cases validated by physician interviews according to various socio-demographic characteristics are shown in Table 2 . The overall proportion of all confirmed self-reported diabetes cases (including participants with T2DM and with transient diabetes) was high (82%) and was similar across all socio-demographic characteristics. The overall proportion of confirmed self-reported T2DM diabetes cases was high (78%). Slight differences in the proportion of confirmed cases of T2DM were seen between males and females (82% versus 71% p<0.01) and between participants aged over 40 and those aged under 40 (84% versus 72% p<0.01). The findings from the logistic regression analyses are shown in Table 3 . All of the self-reported non-cases correctly reported not having diabetes. Therefore, there was no variability in the socio-demographic characteristics associated with the correct reporting of diabetes status in this group. Among the confirmed self-reported T2DM diabetes cases, the adjusted model shows that female sex is associated with lower odds of agreement between the questionnaire and physician interviews (OR 0.5 (95% CI 0.3-0.9) and that older age is associated with higher odds of agreement between the questionnaire and physician interviews (OR 1.8 (95% CI 1.1-3.1). When the total group of confirmed self-reported diabetes cases (all types) was included, the association with sex was not apparent and was not statistically significant for age, indicating that these slight differences in the proportion of confirmed cases of T2DM may reflect the cases of gestational diabetes among the young women in this cohort. 
Discussion
This population-based study shows high validity of questionnaire self-reported doctor-diagnosed incident T2DM in younger and middle-aged Thai adults participating in a national cohort study. Using physician interviews as the gold standard, 78% of self-reported diabetes cases were confirmed as having diagnosed T2DM. Accuracy of self-report did not vary substantially by socio-demographic characteristics in this group of adult students. The proportion of confirmed self-reported cases was slightly lower among the young women in this cohort, a finding that is mostly likely attributed to transient diabetes. These findings highlight the need for cautious interpretation of self-reported diabetes data from a cohort with young women who may be reporting gestational diabetes rather than T2DM.
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Global Journal of Health Science Vol. 9, No. 7; We also found that although questionnaire self-reports slightly over-estimated the cumulative incidence of T2DM over one wave of data collection, the misclassification of self-report became negligible once two waves of self-reported data were considered. Therefore, the repeated follow-up of self-reported data essentially eliminates the need for further validity testing of such individuals; a common finding when using repeated measures to assess the validity of self-report (Barr, Herbstman, Speizer, & Camargo, 2002) .
This study has limitations that should be considered when interpreting the findings. Only 52% of the selected self-reported non-cases and 50% of the self-reported cases could be contacted by telephone. As such, those contacted may not be representative of the entire non-case and case group in the TCS and the validity of negative response might be lower than 100%. However, there were no significant differences in the socio-demographic characteristics of those interviewed and those who could not be contacted suggesting that the responses in the contacted group may be similar to those of the non-contactable group.
The method used to confirm self-reports in this study was physician telephone interviews, a method that may not be considered 'gold standard'. Accessing medical records, which may have been a better method of confirming doctor-diagnosed T2DM, was not feasible in this population due to the large-scale nature of this nationally dispersed cohort, and to time and cost constraints. However, the physician who conducted the interviews is an experienced clinician with local knowledge of diabetes diagnosis and treatment pathways so is likely to have elicited accurate histories of diabetes diagnoses.
There is an additional study consideration that should be emphasized. The questions in the surveys did not differentiate between type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus or transient (i.e. gestational or corticosteroid medication induced) diabetes. Therefore, it is possible that some of the self-reported incident diabetes cases may have had type 1 diabetes. However, this is unlikely because in this study we excluded prevalent (reported at baseline) cases of diabetes and the median age of this cohort was much higher than that at which T1DM is generally diagnosed.
Our investigations also do not reflect the likelihood that there are undiagnosed cases in this cohort and accordingly a higher incidence of T2DM among TCS participants. However this is unlikely to be a major problem since the participants are well educated and because diabetes awareness has received a great deal of attention in Thailand since the implementation of the national screening program and the national health coverage scheme in the past decade (Aekplakorn et al., 2011; Prakongsai, Limwattananon, & Tangcharoensathien, 2009 ).
The high proportion of validated self-reported cases and non-cases found in this study is similar to findings from studies conducted in health professional cohorts (Field et al., 2001; Hu et al., 2001) and is slightly higher than findings reported from two studies conducted among Asian populations (Goto et al., 2013; Wu, Li, & Ke, 2000) . These differences might be explained by the differences in the characteristics of our study cohort, which was younger and/or had a higher education level than the cohorts sampled in other Asia-based studies (Goto et al., 2013) ; these characteristics have been shown to be associated with a higher accuracy of self-reporting diabetes in some prior research (Molenaar et al., 2007; Okura et al., 2004) . The association between older age and the inaccurate reporting of chronic diseases has been attributed to declining cognitive function (Sherbourne & Meredith, 1992) , and/or the reluctance of the elderly to admit or perceive that they have a chronic disease (Kriegsman, Penninx, Van Eijk, Boeke, & Deeg, 1996) . Furthermore, among some Asian immigrant groups, younger age has been found to be associated with higher levels of formal education (Tseng, Halperin, Ritholz, & Hsu, 2013) . Accordingly, the association between age and the inaccurate reporting of health status may partially be explained by education levels (Goldman et al., 2003) . The proportion of validated self-reported cases in this study was slightly lower than findings from one study conducted in China. This may be due to the higher prevalence of diabetes in their older study cohort (Yuan et al., 2015) .
with the validity of self-reported doctor diagnosed diabetes. The lack of significant differences in accuracy of reporting across personal characteristics and high overall agreement between questionnaire data and physician telephone interviews is likely due to the medical importance of this disease (Goldman et al., 2003) . Diabetes requires ongoing regular medical treatment and engagement with medical professionals long after its diagnosis (Kehoe, Wu, Leske, & Chylack, 1994; Pastorino et al., 2014) . Although conditions such as hypertension share some of these same medical qualities, the accuracy of survey self-reported hypertension is generally lower than the accuracy of survey self-reported diabetes. This may be because hypertension can be a less disabling disease than diabetes during everyday life, people who are controlling their hypertension may think that they no longer have the condition and may be less likely to report it (Molenaar et al., 2007) . Furthermore, hypertension is not recognized as a chronic disease by some ethnic groups (Goldman et al., 2003) .
Data from repeated measures showed that the proportion of confirmed survey self-reports was highest among the participants who self-reported the same diabetes status consistently at the two follow-up questionnaires. Conversely, the proportion of confirmed survey self-report was the lowest among the participants who self-reported incident diabetes in 2009 and subsequently self-reported not having diabetes in 2013. We found that over a third of these participants had transient diabetes (gestational or corticosteroid medication induced) in the first follow-up questionnaire and as such accurately reported not having diabetes in the second follow-up questionnaire. Although transient diabetes generally has a low prevalence in cohort studies, particularly in cohorts that are older than this one, using repeated measures was found to be a good tool for detecting the 'true' T2DM cases. Moreover, having a four year interval in between follow-ups enabled the identification of transient diabetes due to gestational diabetes.
Cumulative incidence estimates calculated using the questionnaire data and the physician interview-corrected data demonstrate that questionnaire self-report slightly over-estimated the cumulative incidence. Although this slight over-estimation should be taken into account when calculating T2DM incidence and its determinants in this cohort, it is likely to have minimal impact on relative risk measures (Copeland, Checkoway, McMichael, & Holbrook, 1977 ) (Rothman, Greenland, & Lash, 2008) .
Conclusions
The current study demonstrates that the proportion of questionnaire self-reported doctor-diagnosed incident T2DM cases confirmed using physician interviews is high and that questionnaire T2DM self-report is a valid tool for detecting new cases of T2DM in a large Thai population-based study. These findings suggest that self-reported incident T2DM can be used to assess the trends and determinants of incident T2DM, particularly in younger and educated Thai adults.
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